ABSTRACT 

ATHM  is  a  large-scale  attrition  model 
of  two-sided  ground  combat,  includ¬ 
ing  air  strikes  by  Blue  on  Red.  While 
FATHM  has  borrowed  extensively  from 
ofher  combaf  models,  if  also  exhibifs  some 
unique  feafures,  parficularly  ifs  use  of  lin¬ 
ear  programming  calls  fo  solve  a  sequence 
of  air-fo-ground  engagemenfs  fhaf  are  in- 
ferspersed  among  ground-fo-ground  en¬ 
gagemenfs.  In  spife  of  making  himdreds  of 
such  calls,  FATHM  can  sfill  fighf  a  realisfi- 
cally-scaled  fheafer  war  in  abouf  fhree  min- 
ufes  on  a  personal  compufer.  This  paper 
gives  fhe  genesis  and  essenfial  feafures. 


INTRODUCTION 

The  FAsf  THeafer  Model  (FATHM)  is  a 
fwo-sided,  aggregafed  join!  fheafer  combaf 
model  fhaf  fuses  Air  Force  sfyle  Air-fo- 
Ground  affack  sorfie  opfimizafion  wifh 
Ground-fo-Ground  Lanchesfer  fire-ex¬ 
change  baffles  using  affrifion  rafes  derived 
from  fhe  Army's  high-resolufion  GOmbaf 
SAmple  GEnerafor  (GOSAGE)  model 
[Jones,  1995].  Eigure  1  indicafes  how  fhe 
fwo  parfs  inferacf.  The  inpufs  fo  EATHM 
include  fhe  oufpufs  (killer-vicfim  score- 
boards)  of  GOSAGE,  and  also  a  subsef  of 
fhe  inpufs  fo  fhe  Air  Eorce's  Gonvenfional 
Eorces  Assessmenf  Model  (GEAM)  [Burton, 
2005].  GOSAGE  killer-vicfim  scoreboards 
are  summary  fables  fhaf  primarily  show 
who  was  killed  by  whom  over  a  fwo-day 
baffle. 

The  modeled  EATHM  war  is  con¬ 
ducted  in  fhree-day  periods,  wifh  one  Air- 
fo-Ground  and  one  Ground-fo-Ground  ac¬ 
tion  carried  ouf  in  each  period.  Period-by- 
period,  damaged  and  desfroyed  fargefs 
may  regenerafe,  and  fhere  may  be  sched¬ 
uled  reinforcemenfs  of  attacking  plafforms, 
munitions,  and  new  fargefs.  The  war 
progresses  in  phases  whose  completion  de¬ 
pends  on  fhreshold  levels  of  fargef  kills  in 
class  categories  and  limifs  on  phase  dura¬ 
tion.  Each  phase  has  a  separafe  GOSAGE 
inpuf  file,  so  fhe  phases  may  differ  qualifa- 
fively  from  each  ofher.  All  EATHM  inpufs 
and  oufpufs  are  ASGII  flaf-files  suifable  for 
immediate  infegrafion  wifh  a  hosf  dafabase 
and  spreadsheef  analysis. 

EATHM's  original  sponsor  was  fhe 
Joinf  Sfaff  (J8),  which  has  fhe  problem  of 


parfifioning  fargefs  among  fhe  armed  ser¬ 
vices  as  a  sfep  preparafory  fo  munifions 
procuremenf.  Eor  fhis  reason,  EATHM's 
consfrainfs  include  some  whose  infenfion  is 
fo  ensure  fhaf  all  armed  services  are 
equally  "stressed",  in  some  sense,  by  a  ma¬ 
jor  regional  contingency.  EATHM  was 
never  actually  used  for  fhaf  purpose,  how¬ 
ever,  and  subsequenfly  became  viewed  as  a 
general  purpose,  fheafer-scale  combaf 
model.  While  asymmefric  warfare  is  much 
in  fhe  news  of  late,  fhe  Unifed  Sfafes  mili- 
fary  is  sfill  required  fo  mainfain  forces  as  a 
hedge  againsf  possible  peer  compefifors 
[Deparfmenf  of  Defense,  2006].  Theater- 
scale  models  of  affrition  warfare  such  as 
EATHM  are  required  fo  plan  for  such  con¬ 
tingencies. 

The  Eog  of  War  is  presenf  in  EATHM 
only  fo  fhe  exfenf  fhaf  if  influences  fhe  GO¬ 
SAGE  killer-vicfim  scoreboards  fhaf 
EATHM  relies  on.  EATHM's  ufilify  for 
sfudying  communicafions  issues  is  fhere- 
fore  minimal.  EATHM's  nafural  domain  is 
instead  fhe  sfudy  of  fhe  quanfify  and  qual¬ 
ify  of  committed  forces.  Since  many  scenar¬ 
ios  musf  be  evaluafed  in  performing  such 
sfudies,  compufafional  speed  has  been  em¬ 
phasized  fhroughouf  EATHM's  develop- 
menf. 

EATHM  is  irmovafive  among  fheafer- 
scale  combaf  models  in  ifs  repefifive,  dy¬ 
namic  use  of  linear  programming  fo  fighf 
fhe  Air-fo-Ground  baffles.  Each  linear  pro¬ 
gram  incorporates  dafa  determined  by  fhe 
progress  of  fhe  war  so  far,  including  affri¬ 
fion  fo  Blue  ground  forces,  as  will  be  ex¬ 
plained  in  defail  below.  The  solution  of 
significanf  linear  programs  wifhin  a  dy¬ 
namic  combaf  model  is  sfill  rare,  buf  in¬ 
creasingly  common  because  of  fhe  capabil- 
ify  of  modem  compufers  and  solvers. 
EATHM  is  one  example.  Anofher  is  fhe 
Integrated  G4ISR  Analytic  Tool  Sef  (ICATS) 
[Walsh  and  Roy,  2001],  and  fhere  are  prob¬ 
ably  ofhers. 


GENERAL  STRUCTURE  OF 
FATHM 

The  defails  of  EATHM  are  reported  in 
Brown  and  Washburn  [2000].  Here  we  em¬ 
phasize  only  fhe  general  sfrucfure,  parficu¬ 
larly  fhe  issues  fhaf  arise  in  integrating  fwo 
unrelafed  combaf  models. 
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THE  FAST  THEATER  MODEL  (FATHM) 


BLUE 


RED 


Figure  1.  FATHM  is  a  fusion  of  ground  and  air  warfare. 


FATHM  sacrifices  spatial  detail  for  simplic¬ 
ity  and  speed,  aiming  to  accommodate  a  user 
who  must  compare  many  scenarios  quickly  in 
the  process  of  making  decisions.  There  is  no 
reference  to  latitude  or  longitude  in  FATHM, 
for  example,  so  all  attempts  to  represent  spatial 
relationships  other  than  Forward  Edge  of  the 
Battle  Area  (FEB A)  movement  (see  below)  must 
be  through  proliferation  of  entity  t5q)es. 
EATHM  nonetheless  is  capable  of  dealing  with 
considerable  detail  in  other  dimensions. 

The  Ground-to-Ground  combat  model  in 
EATFIM  (hereafter  the  Ground  model)  is  basi¬ 
cally  a  system  of  ordinary  differential  equations 
(a  Lanchester  system)  solved  numerically,  ex¬ 
cept  that  the  state  of  the  system  is  changed  after 
each  Ground  battle  by  a  call  to  a  linear  program 
that  represents  the  effects  of  Blue  air  strikes. 
EATFIM  uses  the  appropriate  GOSAGE  killer- 
victim  scoreboard  to  obtain  Lanchester  coeffi¬ 
cients  for  both  aimed  and  unaimed  fire. 

The  Air-to-Ground  part  of  EATHM  (here¬ 
after  the  Air  model)  consists  of  a  sequence  of 
sorties  by  Blue  platforms  against  Red  targets. 
Blue  air  strikes  are  conducted  similarly  to 
GEAM,  using  data  of  the  GEAM  style  even  for 
Navy  air  assets  committed  to  the  battle.  The 
data  include  d5mamic  target  values  that  reflect 
the  status  of  the  Ground  battle.  Most  platforms 
are  fixed-wing  aircraft,  but  launchers  of  expen¬ 
sive  munitions  such  as  TOMAHAWK  and  AT- 
AGMS  are  also  put  in  this  category.  Blue  air 


platforms  are  gradually  killed  in  accordance 
with  input  attrition  data. 

Because  Blue  air  supremacy  is  assumed, 
only  platforms  involved  in  direct  attack  are 
modeled.  Suppression  of  enemy  air  defenses, 
combat  air  patrol,  and  electronic  countermea¬ 
sures,  in  particular,  are  not  modeled.  If  sorties 
for  these  functions  are  required  in  reality,  then 
they  must  be  subtracted  from  the  total  made 
available  to  the  Air  model. 

The  Air  model  keeps  track  of  munitions 
expenditure,  and  will  respect  any  munitions 
constraints  that  are  imposed.  Indeed,  one  of  the 
functions  of  EATHM  is  to  measure  sensitivity 
to  such  constraints.  The  EATHM  objective  func¬ 
tion  flexibly  acknowledges  the  importance  of 

•  ending  the  current  phase  quickly; 

•  assuring  an  equitable  distribution  of  effort 
over  the  services; 

•  avoiding  attrition;  and 

•  killing  the  Red  targets  that  are  killing  the 
most  Blue  platforms  on  the  ground. 

Sea  battle  is  not  represented,  nor  is  Air-to- 
Air  battle  except  by  assuming  that  Blue  controls 
the  air  throughout.  Ground-to-Air  battle  is  rep¬ 
resented  only  in  that  Blue  air  strikes  in  the  Air 
model  carry  the  implication  of  possible  attri¬ 
tion. 

Logistic  calculations  are  carried  out  at  the 
end  of  each  period.  Such  calculations  include 
Red  and  Blue  reinforcements  that  have  been 
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scheduled  to  arrive  or  move  between  theaters 
(FATHM  is  designed  to  accommodate  more 
than  one  theater).  Red  targets  that  regenerate 
after  having  been  killed,  and  Red  targets  that 
change  type.  An  example  of  the  last  might  be 
deep  tanks  not  involved  in  the  Ground  battle 
that  gradually  arrive  and  become  active.  A  cer¬ 
tain  fraction  of  fanks  fhaf  are  deep  in  one  pe¬ 
riod  is  converfed  fo  fanks  fhat  are  active  in  the 
next.  This  Markovian  method  is  used  in  all 
cases  of  Red  target  transformation.  It  is  through 
this  method  of  entity  proliferation  (there  are 
"deep  tanks"  and  "active  tanks",  instead  of  jusf 
"fanks")  fhat  FATHM  is  able  to  achieve  some 
semblance  of  spatial  relationship  and  move¬ 
ment. 

In  each  three-day  time  period  there  are  ba¬ 
sically  three  kinds  of  computations.  First  the 
ground  battle,  then  the  air  battle,  and  finally  fhe 
logisfic  compufations  fhat  deal  with  reinforce¬ 
ments  and  reconstitution.  We  assert  no  com- 
mand-and-control  insight  in  making  this  par¬ 
ticular  sequential  arrangement.  The  three 
functions  are  imagined  to  proceed  in  parallel  in 
reality,  so  the  order  in  which  the  computations 
take  place  should  ideally  be  of  small  signifi¬ 
cance.  The  length  of  fhe  fhree-day  time  period 
is  a  compromise  between  that  goal  and  the 
equally  important  goal  of  computational  speed. 

Figure  2  illustrates  FATHM's  basic  struc¬ 
ture.  FATHM  is  a  deterministic,  time-stepped 
combat  model  with  no  interactive  human  con¬ 
trols,  other  than  the  initial  setup. 


INTERFACE  ISSUES 

FATHM  is  intended  to  be  a  fusion  of  CO¬ 
SAGE  and  CFAM,  buf,  because  fhe  models 
were  nof  designed  to  be  compatible,  there  are 
some  significant  interfacing  problems.  Chief 
among  fhese  is  nomenclafure.  The  fwo  models 
have  different  names  for  targets,  and  may  also 
have  different  levels  of  defail.  A  T72  fank  to 
CFAM  may  correspond  to  multiple  kinds  of 
T72  fanks  in  COSAGE,  or  vice  versa.  EATHM 
retains  both  systems  of  nomenclature,  but  also 
introduces  a  third  global  name  where  each  en¬ 
tity  has  a  unique  index.  One  Red  target  t5q)e 
might  have  global  index  14,  CEAM  index  14, 
and  COSAGE  name  RT72SM,  while  a  second 


Figure  2.  Basic  Flow  Diagram  for  FATHM. 


fargef  type  might  have  global  index  15,  CFAM 
index  14,  and  COSAGE  name  RT72S.  These  two 
target  t5q)es  would  be  assumed  indistinguish¬ 
able  in  the  Air  model  because  they  have  the 
same  CFAM  index,  and  consequently  the  two 
types  of  T72  would  be  killed  in  proportion  to 
their  numbers  on  the  battlefield.  There  are  also 
fargefs  acknowledged  by  one  model,  but  not 
the  other.  Command  posts,  for  example,  play 
no  role  in  fhe  Ground  model,  but  nonetheless 
may  serve  as  targets  in  the  Air  model.  Another 
example  might  be  deep  tanks  that  are  not  yet 
involved  in  the  Ground  battle,  but  that  are 
within  range  of  air  strikes. 

Although  dealing  with  multiple  systems  of 
nomenclature  required  a  significant  part  of  the 
development  time  for  FATHM,  it  will  be  ig¬ 
nored  in  the  sequel  because  dealing  with  it 
involves  a  large  and  distracting  complication  of 
notation.  See  Brown  and  Washburn  (2000)  for 
fhe  full,  detailed  version.  Only  the  global  index 
will  be  referred  fo  below. 

FATHM  is  careful  to  avoid  redundant  in¬ 
clusion  of  fhe  effecfs  of  plafforms  modeled  in 
both  COSAGE  and  CFAM.  For  example,  COS¬ 
AGE  rims  already  include  certain  types  of  air 
supporf.  FATHM  refains  some  plafform  types 
(rotary  wing)  as  part  of  the  Ground  battle, 
while  others  (fixed  wing)  are  subfracted  out  of 
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the  COSAGE  killer-victim  scoreboards  and  in¬ 
cluded  instead  in  the  Air  model. 

The  Ground  model  does  not  keep  track  of 
munitions  expenditure,  so  certain  GOSAGE 
munitions  such  as  ATAGMS  that  are  clearly 
limited  in  quantity  are  treated  by  EATHM  as 
"aircraft"  with  a  very  high  attrition  rate  (1.0) 
per  sortie. 

CEAM  includes  the  idea  that  certain  killed 
platforms  can  come  back  fo  life  affer  a  fime 
inferval  long  enough  fo  permif  repair,  whereas 
GOSAGE  does  nof.  EATHM  refains  fhe  disfinc- 
fion,  evenfually  regenerating  an  inpuf  fracfion 
of  fargefs  killed  in  fhe  Air  model.  Targefs  killed 
in  fhe  Ground  model  do  nof  regenerafe.  There 
are  fhus  two  sources  of  new  fargefs  in  EATHM: 
fhose  scheduled  fo  arrive  af  a  cerfain  fime,  and 
fhose  fhaf  regenerafe  after  being  killed  from  fhe 
air. 

Defails  of  fhe  Air  and  Groimd  models  are 
ouflined  below. 


mefhod  of  initially  obfaining  fhese,  and  for 
modifying  fhem  when  required  by  fargef  ex¬ 
haustion.  Only  fhe  Blue  versus  Red  case  is  de¬ 
scribed,  alfhough  EATHM  carries  ouf  parallel 
compufafions  for  Red  versus  Blue.  Variables 
subscripfed  for  fime  (f)  represenf  dynamic 
quanfifies  in  fhe  Ground  model,  or  else  quan¬ 
tifies  obfained  from  a  GOSAGE  killer-vicfim 
scoreboard  if  fhere  is  no  t  subscripf.  Operafions 
fhaf  would  resulf  in  division  by  0  are  nof  nec¬ 
essary  and  nof  performed. 


Index  Use 

u  Blue  plafform  fype 

V  Blue  munifion  fype 

c  or  j  Red  plafform  fype 

d  Red  munifion  f5q)e 


THE  GROUND  MODEL 

GOSAGE  runs  are  fypically  for  shorf  peri¬ 
ods  of  fime  such  as  two  days,  whereas  EATHM 
baffles  may  lasf  for  mulfiple  fhree-day  periods. 
Alfhough  if  is  unlikely  fhaf  any  plafform  will  be 
entirely  wiped  ouf  during  fhe  shorf  fime  of  a 
GOSAGE  run,  fhaf  evenfualify  could  very  well 
happen  in  mulfiple  fime  periods  as  a  conse¬ 
quence  of  direcf  fire.  An  addifional  confribufor 
fo  fhis  possibilify  is  fhaf  fhe  Air  model  may 
concenfrafe  on  only  a  few  fargef  fypes  in  any 
one  period.  EATHM  musf  fherefore  be  pre¬ 
pared  for  fhe  possibilify  fhaf  all  fargefs  of  a 
parficular  fype  will  be  exhausfed. 

EATHM  imifafes  GOSAGE  by  including 
bofh  direcf  or  "aimed"  fire  (Lanchesfer's 
square-law)  and  indirecf  fire  (Lanchesfer's  lin¬ 
ear-law).  Indirecf  fire  is  nof  influenced  by  ex- 
hausfion  of  a  fargef  type,  since  the  effects  of 
indirecf  fire  vanish  nafurally  when  fhe  number 
of  fargefs  becomes  0.  Direcf  fire,  however,  musf 
be  reprogrammed  when  no  fargefs  remain — if 
does  nof  make  sense  fo  be  "aiming"  af  a  class  of 
fargefs  fhaf  has  vanished  from  fhe  battlefield. 
The  dafa  sfrucfures  inferred  from  fhe  killer- 
vicfim  scoreboards  musf  fherefore  differ  by 
fype  of  fire.  We  oufline  below  EATHM's 


Direct  Fire 


R 


C 


K 


live 


s 


uve 


PKdir^„c  '■ 
drate^^. 


^uve!  ^uve 
^uve^^u 


fuve 


inifial  number  of 
Blue  plafforms 
fype  u  in  fhe 
GOSAGE  baffle, 
inifial  number  of 
Red  plafforms 
fype  c  in  fhe 
GOSAGE  baffle, 
number  of  kills 
per  day  by  Blue  u 
shoofing  munifion 

V  af  Red  plafform 
fype  c. 

number  of  shofs 
per  day  by  Blue  u 
shoofing  mimifion 

V  af  Red  plafform 
fype  c. 

kill  probabilify  of 
each  shof. 
rafe  af  which  each 
u,v  shoofs  af  f5q)e 
c,  assuming  c  is 
presenf. 
fracfion  of  Blue 
{u,vys  fire 
direefed  af  c. 
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All  of  the  above  are  either  taken  directly 
from  a  killer-victim  scoreboard  or  are  ratios  of 
such  data.  At  time  t,  when  there  are  Blue 
and  Rc^  Red  platforms  remaining,  the  Ground 
model  takes  the  rate  at  which  Blue  u,v  kills  Red 
type  c  directly  to  be: 

div £ct PRdiy ^idyutBuyf-/  ^  fuvj- 

j:Rj,>0 

This  amounts  to  assuming  that,  if  Red  plat¬ 
form  c  gets  wiped  out,  then  Blue  fire  of  type 
{u,v)  that  was  directed  against  c  in  the  COSAGE 
run  will  be  proportionally  reprogrammed  to 
other  targets.  If  no  targets  have  been  wiped  out, 
the  sum  in  the  denominator  will  be  1.  Direct  fire 
will  not  be  "wasted"  imless  the  sum  in  the 
denominator  is  0,  in  which  case  is 

taken  to  be  0  for  all  c. 

Indirect  Fire 

Because  there  is  no  reprogramming  issue,  it 
is  not  necessary  to  define  an  indirect  kill  prob¬ 
ability.  It  suffices  to  define: 

=  rate  at  which  each  Blue 
u,  V  kills  Red  type  c. 

At  time  t,  the  Ground  model  takes  the  rate 
at  which  Blue  type  u,v  kills  Red  type  c  indi¬ 
rectly  to  be: 

indirectu^ct  =  irate^^fiutRct- 

Polishing  Attrition  Rates 

If  the  attrition  rates  were  calculated  as  de¬ 
scribed  above,  and  if  those  rates  were  then 
substituted  into  Lanchester's  equations,  the  re¬ 
sulting  casualties  would  not  be  as  originally 
read  from  the  COSAGE  killer-victim  score- 
board.  This  is  because  the  COSAGE  battle  oc¬ 
curs  over  a  significant  time  interval  (call  it  T, 
usually  two  days),  whereas  the  Lanchester  time 
increment  is  in  theory  infinitesimal  (in  practice 
0.1  day  in  EATHM).  The  COSAGE  board  re¬ 
veals  attrition  over  T,  but  dividing  that  attrition 
by  T  produces  only  an  average  or  "rough"  at¬ 
trition  rate  that  will  lead  to  disagreement  be¬ 
tween  EATHM  and  COSAGE  if  simply  inserted 
into  a  Lanchester  model. 


Because  the  EATHM  Ground  model  is  sup¬ 
posed  to  be  a  Lanchester  model  that  produces 
the  same  results  as  COSAGE,  this  potential  lack 
of  agreement  is  unsatisfactory.  However,  the 
rough  coefficients  can  be  "polished"  to  make 
the  two  models  agree.  The  polishing  method 
can  be  most  easily  described  using  a  model  that 
is  notationally  simpler  than  the  actual  Ground 
model.  Suppose  it  is  known  that  the  differential 
equation  dx/dt  =  ax{t)  holds  for  t>0,  with  the 
initial  value  x(0)  and  the  final  value  x{T) 
known,  but  a  unknown.  A  rough  value  of  a  is 
A/ (x(O)T),  where  A  =  x(T)  —  x(0)  is  the  change 
in  X  over  the  time  interval  [0,  T].  This  is  the  sort 
of  estimate  described  above,  with  A  being  the 
value  read  from  the  COSAGE  board.  The  exact 

value  of  a  is  A/{f^x{t)dt),  but  the  time  record  of 

0 

X  is  not  available.  If  the  time  record  were  avail¬ 
able,  we  could  calculate  a,  or  if  a  were  avail¬ 
able,  we  could  calculate  the  time  record.  The 
polishing  procedure  iterates  based  on  that  ob¬ 
servation.  In  the  algorithm  below,  n  is  an  iter¬ 
ation  index,  the  attrition  rate  is  associated  by 
numerical  integration  with  the  time  record 
x„(t),  and  all  time  records  share  the  same  initial 
value  x(0). 

1.  Initially  let  aj  be  A/(x(0)T),  and  set  n  =  1. 

2.  Use  to  solve  for  x„(t)  over  the  interval 
[0,T],  and  let  5„  =  x„(T)  -  x(0). 

3.  If  5„  and  A  are  sufficiently  close,  stop.  The 
polished  attrition  rate  is  a„. 

4.  Otherwise,  let  «„+!  =  S„/(/^x„(t)dt),  incre- 

0 

ment  n  by  1,  and  go  back  to  step  2. 

Upon  exit  from  the  procedure,  will  be 
whatever  parameter  makes  the  change  in  x  over 
the  interval  [0,  T]  be  approximately  the  known 
value  A.  This  recursion  works  just  as  well  when 
X  is  multidimensional,  and  is  the  procedure 
used  to  polish  the  initial  attrition  rate  estimates 
for  direct  and  indirect  fire.  In  practice,  step  2  is 
always  executed  five  times,  because  that  seems 
to  be  sufficient  to  ensure  convergence. 


Adjusting  Frontal  Width 

Obviously  EATHM's  results  will  be  most 
accurate  when  EATHM's  Ground  battles  are 
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most  similar  to  the  COSAGE  battle  from  which 
the  Lanchester  coefficients  are  extracted.  None¬ 
theless,  FATHM  is  prepared  for  cerfain  devia¬ 
tions.  FATHM's  initial  plafform  numbers  need 
nof  necessarily  equal  fhose  of  fhe  COSAGE  baf¬ 
fle.  This  flexibilify  is  vifal,  buf  if  also  poses  a 
danger. 

Suppose,  for  example,  fhaf  initial  plafform 
numbers  in  fhe  FATHM  baffle  are  all  double 
fhose  of  fhe  COSAGE  baffle.  Attrition  due  fo 
direcf  fire  will  double  as  expecfed,  buf  affrifion 
due  fo  indirecf  fire  (mainly  artillery  in  mosf 
COSAGE  baffles)  will  quadruple  because  indi¬ 
recf  affrifion  is  proporfional  fo  both  fhe  number 
of  shoofers  and  fhe  number  of  fargefs.  This 
would  be  appropriafe  if  fhe  increased  numbers 
of  parficipanfs  were  sfill  enclosed  in  fhe  same 
COSAGE  baffle  space,  because  fhe  densify  of 
fargefs  per  unif  area  would  be  doubled  and 
indirecf  fire  is  basically  an  attack  on  area,  rafher 
fhan  individuals.  However,  fhe  larger  FATHM 
baffle  will  fypically  be  infended  fo  occur  wifhin 
a  larger  baffle  space  fhaf  will  diffuse  fhe  fargefs 
and  fhereby  reduce  fhe  effectiveness  of  indirecf 
fire.  For  fhis  reason,  fhe  FATHM  plarmer  musf 
also  provide  an  addifional  paramefer  FEBA- 
WID  fhaf  represenfs  fhe  fronfal  widfh  of  fhe 
baffle  space  in  kilomefers.  If  FEBAWID  is  larger 
fhan  COSAGEWID,  fhe  fronfal  widfh  of  fhe 
COSAGE  baffle,  fhen  fhe  indirecf  fire  coeffi- 
cienfs  are  reduced  accordingly.  The  COSAGE¬ 
WID  paramefer  is  included  in  fhe  preamble  of 
fhe  COSAGE  killer-vicfim  scoreboard,  and  is 
usually  32.5  kilomefers. 

To  be  precise,  all  indirecf  fire  coefficienfs 
for  bofh  sides  are  mulfiplied  by  fhe  rafio  (CO¬ 
SAGEWID /FEBAWID)  before  being  employed 
in  FATHM's  Lanchesfer  baffles.  Direcf  fire  co¬ 
efficienfs  are  nof  adjusfed.  Thus,  if  fhe  FATHM 
baffle  is  fwice  as  large  as  fhe  COSAGE  baffle  in 
all  respecfs  (fronfal  widfh  as  well  as  plafform 
coimfs),  fhen  direcf  and  indirecf  affrifion  will 
also  be  doubled. 

Only  fhe  polished  and  adjusfed  coefficienfs 
irate^j,^  and  dratej^^,^  are  subsequenfly  employed 
by  FATHM.  As  a  resulf,  if  FATHM  is  employed 
wifh 

•  no  Air  war, 

•  inifial  plafform  numbers  fhaf  agree  wifh  fhe 
COSAGE  numbers. 


•  FEBAWID  =  COSAGEWID,  and 

•  fhe  COSAGE  fime  inferval, 

fhen  fhe  affrifion  will  agree  wifh  fhe  COSAGE 
killer-vicfim  scoreboard. 


Total  Attrition 

The  fofal  rafe  af  which  each  Blue  plafform 
of  t5q)e  u  firing  munitions  of  fype  v  kills  Red 
fargefs  of  fype  c  af  fime  t  is  jusf  fhe  sum  of 
direcf  and  indirecf  ferms.  There  is  nofhing  fo 
prohibif  direcf  and  indirecf  affrifion  from  fhe 
same  source  if  fhe  phenomenon  occurs  in  CO¬ 
SAGE.  The  fofal  rafe  af  which  Red  fargefs  of 
f5q)e  c  disappear  af  fime  t  is  fhus 

d 

-  =  killrate.t 

=  X  {directuvct  +  indirect^^ct), 

UV 

excepf  fhaf  is  faken  fo  be  0,  rafher  fhan 
negative.  There  is,  of  course,  a  similar  expres¬ 
sion  for  fhe  rafe  af  which  Blue  plafforms  disap¬ 
pear. 

The  mosf  complicafed  parf  of  fhese  evalu- 
afions  is  defermining  direct^^j^^i,  which  involves 
a  sum  over  a  complicafed  sef.  Even  so,  fhe 
arifhmefic  described  above  can  be  done  very 
quickly  for  himdreds  of  plafforms  and  muni¬ 
tions.  This  approach  resembles  fhe  ATCAL 
[Concepfs  Analysis  Agency,  1983]  model  em¬ 
ployed  by  fhe  Army,  and  in  facf  FATHM  reads 
fhe  killer-vicfim  scoreboards  using  FORTRAN 
code  recycled  from  ATCAL. 

Wifh  one  excepfion.  Red  plafforms  c  shoof- 
ing  munifion  d  kill  Blue  plafforms  u  in  an  ex¬ 
actly  symmefric  way.  The  excepfion  is  relafed 
fo  direcf  Red  anfiaircraff  fire,  and  if  is  needed 
on  accoimf  of  fhe  assumpfion  of  Blue  air  su¬ 
premacy  in  FATHM. 

The  plafforms  involved  in  fhe  Ground 
model  may  differ  from  fhose  in  fhe  COSAGE 
baffle,  even  fhough  if  is  fhe  COSAGE  numbers 
fhaf  are  involved  in  calculating  fhe  crucial  co¬ 
efficienfs  and  If  fhe  COSAGE 

board  involves  plafforms  fhaf  are  nof  in  fhe 
Ground  baffle,  fhe  effecf  is  as  if  fhey  were 
presenf  in  0  number.  The  implied  assumpfion 
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about  direct  fire  is  that  any  fire  direcfed  af  (say) 
plafform  RMIG25  by  plafform  UFLAK  using 
munition  MUNI  in  fhe  COSAGE  baffle  will  be 
redirecfed  againsf  ofher  fargefs  in  a  Ground 
baffle  fhaf  lacks  RMIG25.  For  example,  suppose 
UFLAK  devofes  half  of  ifs  MUNI  direcf  fire  fo 
RHELO  and  half  fo  RMIG25  in  fhe  COSAGE 
baffle,  buf  fhaf  only  RHELO  is  acfually  presenf 
in  fhe  Ground  baffle.  Then,  according  fo  fhe 
formula  for  df«fe(jFLAK,M(jNi,RHELO/ 
(UFLAK,MUNI)  firing  rafe  againsf  RHELO  will 
be  effecfively  doubled  (divided  by  .5)  in  fhe 
Ground  baffle  compared  fo  whaf  is  was  initially 
in  COSAGE.  This  is  appropriafe  for  Red  air 
fargefs  because  if  corresponds  fo  fhe  assump¬ 
tion  fhaf  Blue  confrol  of  fhe  air  makes  if  possi¬ 
ble  for  platforms  like  UFLAK  fo  reprogram  fire 
fhaf  would  ofherwise  be  direcfed  af  Red  air¬ 
craft.  However,  a  symmefric  freafmenf  would 
nof  be  appropriafe  for  Blue  air  fargefs. 

Red  fire  againsf  Blue  aircraft  should  nof  be 
reprogrammed  in  fhe  Groimd  model  because 
fhis  ground  fire  is  fhe  source  of  fhe  assumed 
affrifion  fo  Blue  air  in  fhe  Air  model.  In  spife  of 
fhe  absence  of  Blue  aircraft  in  fhe  Ground 
model,  fhe  fire  fhaf  COSAGE  direcfs  againsf 
fhem  is  refained  in  FATHM.  FATHM  accom¬ 
plishes  fhis  wifh  a  phanfom  fargef  for  cerfain 
Red  anfiaircraff  sysfems.  The  phanfom  fargef 
can  cause  no  damage  fo  Red  in  fhe  Ground 
model,  buf  neifher  can  Red  shoof  if  down.  For 
each  Red  plafform  of  type  c  and  munition  of 
fype  d,  af  all  fimes  fhe  phanfom  fargef  affracfs 
whaf  ever  fracfion  of  {c,dys  direcf  fire  is  allo- 
cafed  fo  Blue  aircraft  in  fhe  COSAGE  baffle.  The 
plarmer  musf  provide  FATHM  a  "nonenfify 
lisf"  of  Blue  plafform  fypes  desfined  fo  become 
phanfoms  in  fhe  Ground  baffle. 

Platform  Values 

FATHM  needs  fargef  values  mosfly  be¬ 
cause  fhe  Air  model  requires  values  for  fhe  Red 
fargefs  in  order  fo  allocafe  sorfies  optimally.  A 
subsidiary  use  is  fo  calculafe  FEBA  movemenf, 
which  requires  fhaf  fhe  forces  of  bofh  sides  be 
aggregafed  info  a  single  number,  one  for  Blue 
and  one  for  Red,  in  order  fo  defermine  an  over¬ 
all  force  rafio. 

FATHM's  fargef  valuafion  is  parfly 
fhrough  inpufs  (fhe  sfafic  parf)  and  parfly 


fhrough  compufafion  (fhe  d5mamic  parf).  Sfafic 
values  can  be  whafever  fhe  planner  desires,  buf 
we  imagine  fhem  fo  be  simple  economic  values; 
i.e.,  cosfs.  Only  fhe  sfafic  values  are  used  fo 
defermine  FEBA  movemenf,  wifh  an  aggregafe 
value  for  each  side  being  obfained  by  summa¬ 
tion. 

The  fofal  values  used  for  Red  plafforms  in 
fhe  Air  model  also  include  a  dynamic  compo- 
nenf.  Lef  fhe  sfafic  value  of  Red  plafform  c  be 
SVay.  The  Ground  model  defermines  fhe  rafe  af 
which  each  Red  plafform  kills  Blue  plafforms  of 
each  fype,  and  fherefore  fhe  fofal  rafe  of  killing 
Blue  sfafic  value,  call  if  DVay{t),  for  Red  plaf¬ 
form  c  af  time  t.  The  fofal  value  of  a  Red  plaf¬ 
form  is  fhe  sum  of  fhe  sfafic  and  dynamic  parfs, 
excepf  fhaf  DValJid)  is  firsf  mulfipled  by  an 
inpuf  time  consfanf  t.  Thus  fhe  fofal  value  of 
Red  plafform  c  af  fime  t  is  RVal^i  =  SVal^.  + 
TDValJid),  and  if  is  fhis  fofal  value  fhaf  is  used 
for  deciding  which  fargefs  fo  engage  in  fhe  Air 
model.  This  fargef  valuafion  is  probably  besf 
viewed  as  a  crude  affempf  fo  solve  whaf  by 
righfs  oughf  fo  be  viewed  as  an  opfimal  confrol 
problem  where  a  fradeoft  musf  be  made  be¬ 
tween  defense  (shoofing  af  fhe  fargefs  fhaf  are 
hurfing  you)  and  offense  (shoofing  af  fhe  far¬ 
gefs  wifh  high  sfafic  value).  The  paramefer  t 
can  be  fhoughf  of  as  bridging  an  affifude  fhaf 
ranges  from  offensive  when  t  =  0  fo  defensive 
when  T  is  large. 

Some  combaf  models  defermine  plafform 
values  endogenously  by  using  fhe  argumenf 
fhaf  fhe  value  of  a  plafform  is  jusf  fhe  rafe  af 
which  if  kills  value  on  fhe  ofher  side,  almosf  a 
circular  definition  of  value.  The  eigenvalue 
mefhod  and  fhe  ATGAL  mefhod  are  examples 
of  fhis  [Galdwell,  ef  al.,  2000;  Goncepfs  Analysis 
Agency,  1983].  The  beaufy  of  fhese  mefhods  is 
fhaf  fhey  obviafe  fhe  need  for  inpuf  sfafic  fargef 
values,  buf  fhere  are  also  drawbacks.  For  exam¬ 
ple,  fhe  value  of  a  fruck  (a  common  plafform 
fype)  would  be  0  because  frucks  do  nof  acfually 
shoof  af  anyfhing,  and  likewise  fhe  value  of  a 
communicafions  confer  would  be  0.  For  fhese 
reasons  FATHM  relies  on  sfafic  values,  as  well 
as  a  dynamic  componenf  of  value  fhaf  depends 
on  currenf  combaf  eftecfiveness. 

During  each  fhree-day  fime  period,  fhe 
Ground  model  is  applied  iferafively  fo  a  se¬ 
quence  of  30  mini-baffles  of  lengfh  0.1  day. 
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applying  Euler's  method  to  approximate  the 
solution  of  Lanchester's  differential  equations 
[e.g.,  Hamming  1973,  p.  382ff].  The  last  of  fhe 
fhirfy  mini-baffles  defermines  fhe  dynamic  val¬ 
ues  of  Red  plafforms.  For  each  such  plafform, 
DValJJ:)  is  fhe  fofal  rafe  af  which  fhe  average 
Red  plafform  kills  Blue  sfafic  fargef  value  dur¬ 
ing  fhaf  period.  The  fofal  fargef  values  are  fhen 
compufed  and  inpuf  fo  fhe  Air  model.  In  fhis 
way  Blue  Air  is  encouraged  fo  direcf  affenfion 
fo  whafever  Red  plafforms  are  currenfly  prov¬ 
ing  mosf  froublesome  in  fhe  Ground  baffle. 

FEBA  movemenf  depends  entirely  on  sur¬ 
viving  sfafic  values.  In  each  period,  fhe  sfafic 
values  per  plafform  are  combined  wifh  fhe 
number  of  surviving  plafforms  of  each  fype  fo 
calculafe  fhe  fofal  value  of  each  side,  and  fhe 
Blue-over-Red  value  ratio  R  fhen  defermines 
fhe  rafe  af  which  fhe  FEBA  moves.  The  funcfion 
/(R)  fhaf  converfs  fhe  force  rafio  fo  a  movemenf 
rafe  is  a  piecewise-linear  funcfion  whose  coef- 
ficienfs  are  in  fhe  inpuf  dafabase.  If  is  a  sym- 
mefric  funcfion  in  fhaf  /(R)  =  — /(1/R),  so  if 
suffices  fo  defermine /(R)  for  R  >  1.0.  FATHM 
uses  fhe  FEBA  movemenf  rafe  fo  updafe  fhe 
location  of  fhe  FEBA.  The  FEBA  location  does 
nof  currenfly  influence  fhe  Ground  baffle  in 
any  way,  alfhough  if  could,  in  principle. 

THE  AIR  MODEL 

The  Air  model  is  a  large  linear  program 
fhaf  assigns  limifed  aircraff  sorfies  fo  fargefs  in 
a  variefy  of  condifions  in  an  affempf  fo  simul- 
faneously  kill  fargefs,  avoid  affrifion  and  equal¬ 
ize  sfress  among  fhe  services.  This  section  gives 
the  formulation,  suppressing  references  fo 
phase  and  fime  period  for  economy  of  nofafion 
(fhere  are  no  objectives  or  consfrainfs  fhaf  in¬ 
volve  multiple  fime  periods).  Some  of  fhe  dafa 
are  direcf  inpuf,  and  ofher  dafa  (fargef  values, 
for  example)  are  compufed  befween  periods 
based  on  resulfs  of  fhe  mosf  recenf  Ground 
baffle.  Because  data  have  lowercase  symbols 
and  no  time  subscript  in  this  formulation,  the 
total  target  value  of  Red  plafform  fype  k  is 
renamed  kvalue^. 

Subscripts  and  Sets 

s  G  S  sef  of  services 


p  G  P 

sef  of  aircraff  plafforms 

Ps 

subsef  of  plafforms  belonging  fo 
service  s,  a  parfifion  of  R,  s  G  S 

m  G  M 

sef  of  weapon  fypes 

kGK 

sef  of  fargef  fypes 

a  G  A 

sef  of  attack  profiles 

1  G  L 

sef  of  loadoufs 

zv  G  W 

sef  of  weafher  sfafes 

sef  of  fargef  classes 

k  £  Kj 

subsef  of  fargef  fypes  k  referenced 
in  fargef  class  j 

Data 


mxtargk^. 

upper  bound  on  fargef  f5q)e  k 
kills  (fhe  number  available) 

kvalue^. 

fargef  value  for  each  fargef  of 
f5q)e  k 

mxhourSpj„ 

upper  bound  on  aircraff  fype  p 
hours  used  in  weafher  sfafe  zv 

uscd-kp-w 

hours  required  for  an  affack  on 
fargef  k  by  aircraff  p  in 
weafher  zv 

mxzuepnSjji 

upper  bound  on  weapon  type 
m  use 

capj, 

capacify  of  aircraff  p  (used 
only  in  service  equify 
compufafions) 

A 

mulfiplier  for  affrifion  in 
objective  function 

^apmkhv 

expected  kills  per  sortie  of 
affack  profile  a,  aircraff  p, 
weapon  m  on  fargef  k  wifh 
loadouf  1  in  weafher  zv 

^^^apmklw 

expecfed  affrifion  per  sortie  as 
above 

^apmklw 

weapons  used  per  sortie  as 
above 

igodyjgoalj 

lower  and  upper  goals  for  kills 

of  fargef  class  j 

jpen^jpenj 

lower  and  upper  penalties  for 
violating  kill  goals  for  fargef 
class  j 

sgoals,sgoals 

lower  and  upper  goals  for 
capacify  used  by  service  s 

spen,.,spen,. 

lower  and  upper  penalties  for 
violating  capacify  goals  for 
service  s 
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Variables  (all  nonnegative) 


Y 

■^apniklw 

TGTKILLS^ 

HRSUSED^^ 

PLTSLOSTj, 

WEPUSED,„ 

SVCCAP^ 

UNDERKILLSj, 

MIDKILLSy 

OVERKlLLSj 

UNDERCAP^, 

MIDCAP,, 

OVERCAP, 


attacks 

targets  k  killed 

aircraft  platform  p  hours  used 
in  weather  state  zv 
aircraft  p  lost 
air_weapons  m  used 
capacity  used  by  service  s 


under,  slack,  and  over-kills  of 
target  class  ; 


under,  slack,  and  over¬ 
achievement  of  service  s  goals 


Formulation 


The  number  of  targets  killed  is  a  linear 
function  of  fhe  number  of  sorfies  assigned,  sub¬ 
ject  to  not  killing  more  targets  than  exist,  and 
similarly  for  the  number  of  platforms  losf, 
hours  used,  and  weapons  used. 


KILLS,: 


PLATSf. 


TCTKILLS, 

S  ^apmklw^apmklw 
apmlw 

TCTKILLS,  <  mxtargk, 
PLTSLOST„ 


k  apmklw^  apmklw 


=  'Z  dtt, 

amklw 

PLTSLOSTp  <  mxplatSp 
WXHOURSp,,:  HRSUSEDp,, 

Zj  ^^^^kpw^aprnkhv 
amkl 


Vfc 

Vfc 

V  p 

V  p 

V  pw 


HRSUSEDp,, 

<  mxhourSpj,  V  pw 

WEPNS,„:  WEPUSED,,, 

Zj  ^ apmklw'^apmklw  ^  ^ 

apklw 

'\NEPUSED,„<  mxwepnSrn  V  m 

The  amount  of  a  service's  capacity  used  is  a 
linear  function  of  fhe  number  of  hours  used  by 
fhe  service's  plafforms. 


SERVICE,:  SVCCAP, 

=  Z  cappHRSUSEDp,,  Vs 

p&Ps,W 

For  each  class  of  target/,  there  are  soft  goals 
for  the  number  of  targets  killed  and  for  each 
service's  capacity. 

JCOALf.  Z  TCTKILLS,  +  UNDERKILLSj 

fcEiCj 

-f  MIDKILLS j  -  OVERKILLS j 

=  jgoalj  V; 

MIDKILLSj  <  J^lj 

-jXpalj  V; 

SGOAL,:  SVCCAP,  +  UNDERCAP, 

+  MIDCAP, 

-  OVERCAP,  =  sgoal,  V  s 

MID  CAP,  <  sgoal,  -  sgoal,  V  s 

The  objective  offers  terms  to  balance  effort 
between  killing  target  value,  avoiding  Blue 
platform  attrition,  achieving  kills  of  target 
classes  critical  to  the  war  phase,  and  equitably 
stressing  the  services.  Attrition  is  emphasized 
when  input  parameter  A  is  large. 

Minimize  -  Z^'^‘^^ue,TCT KILLS, 

k 

+  xZcap  pPLT  SLOST  p 

p 

+  ZilpenjUNDERKILLSi 
i 

+  J^jOVERKILLS,) 

+  Zispen,UNDERCAP, 


+  spen, OVERCAP,) 

The  Air  model  is  myopic  in  the  sense  that 
the  objective  function  for  each  period  deals 
only  with  results  in  that  period.  The  decision  to 
make  the  optimization  myopic  was  made  only 
after  considerable  debate,  the  alternative  being 
to  construct  a  single  monolithic  optimization 
that  would  include  all  time  periods  at  once.  The 
myopic  optimization  is  a  much  smaller  linear 
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program,  of  course,  which  contributes  to 
FATHM's  speed.  The  myopic  point  of  view  also 
permits  the  inclusion  of  nonlinear  operations 
such  as  phase  advance  in  the  interperiod  ac¬ 
counting,  without  requiring  a  nonlinear  optimi¬ 
zation.  An  additional  argument  favoring  myo¬ 
pia  is  that  monolithic  models  can  exhibit 
behavior  such  as  holding  back  munitions  to 
attack  targets  in  the  future  after  their  values 
have  increased,  something  no  military  plarmer 
would  contemplate.  This  last  argument  could 
also  be  turned  around,  of  course — a  monolithic 
model  will  not  make  the  mistake  of  using  all  of 
its  ATACMS  missiles  in  the  first  period, 
whereas  a  myopic  model,  if  unconstrained, 
might  do  exactly  that.  The  constraints  involving 
mxivepns„^  are  included  in  FATHM  to  prevent 
that  possibility.  Yost  [1996]  gives  a  clear  ac¬ 
counting  of  these  issues. 


PERIOD-TO-PERIOD  ACCOUNTING 

Interperiod  accounting  includes  inventory 
constraints  to  the  effect  that  what  enters  period 
t  -I-  1  is  whatever  enters  period  t,  minus  losses 
in  period  t,  plus  reinforcements  and  transfor¬ 
mations  at  the  end  of  period  t.  Transformations 
include  targets  that  change  type  (the  aforemen¬ 
tioned  deep  tanks  that  become  active  tanks,  for 
example),  as  well  as  targets  that  come  back  to 
life  after  having  been  killed  earlier  in  the  Air 
model.  Because  the  accounting  is  conventional, 
we  omit  most  of  the  equations  for  economy.  We 
refer  the  interested  reader  to  Brown  and  Wash- 
bum  (2000). 

The  data  required  for  transformations  are 
transition  rates,  as  in  continuous-time  Markov 
chains  (Ross,  2000).  For  example,  the  equation 
for  updating  the  number  of  targets  of  type  k 
includes  the  term(l— where 
mxregerii^  is  the  number  of  targets  of  t5q)e  k  in 
the  regenerating  pool  at  the  end  of  period  t.  The 
transition  rate  from  pool  to  active  for  type  k  is 
the  reciprocal  of  the  time  constant  iconic  (an 
input),  and  len^  is  the  length  of  the  current  time 
period  (three  days).  The  number  of  targets  in 
the  regenerating  pool  is  decremented  by  the 
same  amount,  and  augmented  by  an  input  frac¬ 
tion  of  the  number  of  targets  killed  in  the  last 
Air  battle.  Note  that  there  is  only  one  regener¬ 


ating  pool  for  each  target  type,  rather  than  one 
for  each  target  type  and  each  past  period.  This 
is  in  accord  with  the  memoryless  property  that 
characterizes  transition  times  in  Markov  chains. 

A  time  constant  also  governs  the  gradual 
changes  in  kills  per  sortie  and  attrition  per  sor¬ 
tie  in  the  air  war,  generally  with  the  former 
increasing  and  the  latter  decreasing  with  time. 
Both  quantities  are  initialized  at  values  con¬ 
tained  in  the  CFAM  database,  and  then  gradu¬ 
ally  approach  limiting  values  that  are  also  con¬ 
tained  in  the  database.  For  example,  attrition 
per  sortie  for  platforms  of  type  p  is  governed  by 


att 


apmklzo 


len, /relax, 


apmklio 


+  (1  - 


Here  the  time  constant  is  relax^,  and  the 
symbol  indicates  that  the  left-hand  side  is  the 
new  value  of  the  attrition  coefficient  in  period  t 
-I-  1  for  sorties  by  aircraft  of  type  p  attacking 
targets  of  type  k  with  loadout  I  of  weapon  m  in 
weather  iv  using  profile  a.  The  limiting  attrition 
rate  is  Kills  per  sortie  are  gov¬ 

erned  by  a  similar  equation  with  the  same  input 
time  constant. 

Each  target  class  includes  a  phase  goal  of  a 
certain  fraction  that  must  be  killed  in  order  to 
advance  the  phase.  If  all  of  these  goals  are  met, 
or  if  the  phase  has  lasted  long  enough,  then  the 
phase  advances.  It  is  quite  possible  that  the 
phase  will  not  advance  because  of  the  exhaus¬ 
tion  of  some  munition  that  is  required  to  kill 
some  target  in  some  particular  class  (while  cre¬ 
ating  FATHM,  the  authors  have  repeatedly 
learned  the  old  lesson  that  "amateurs  discuss 
tactics,  while  professionals  discuss  logistics").  If 
all  phases  are  not  completed  within  a  specified 
time  interval,  then  the  war  is  reported  to  be 
lost.  Circumstances  such  as  this  exhibit  very 
high  sensitivity  to  the  amount  of  the  crucial 
munition  provided,  since  the  overall  result  can 
switch  from  "lose"  to  "win"  as  the  amount 
increases. 


IMPLEMENTATION  AND 
EXPERIENCE 

With  one  exception,  input  files  are  manip¬ 
ulated  within  an  ExceF'^  [e.g.,  Microsoft,  2005a] 
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workbook  Fathmlnputs.xls,  which  has  one  sheet 
for  each  input  file  [Brown  and  Washburn, 
2000].  The  exception  is  a  large,  rarely-edited  file 
in  CFAM  format  that  includes  effectiveness  and 
attrition  data  about  all  of  the  possible  air  strike 
sorties.  A  macro  exports  the  rest  of  the  data 
needed  by  FATHM  in  the  form  of  comma-de¬ 
limited  text  files,  including  the  COSAGE 
boards  that  apply  to  each  phase,  after  which  the 
FATHM  executable  program  (compiled  FOR¬ 
TRAN)  is  invoked. 

For  each  COSAGE  board,  EATHM  extracts 
direct  and  indirect  firing  rates,  and  then  com¬ 
putes  and  stores  the  Lanchester  coefficients  for 
later  use.  Next,  EATHM  reads  the  rest  of  the 
input  data  files  and  scrupulously  edits  them  for 
inconsistencies.  These  data  come  from  very  dif¬ 
ferent  sources,  so  this  is  the  stage  where  recon¬ 
ciliation  and  documentation  of  discrepancies 
are  key.  If  the  input  data  include  a  Red  target 
that  cannot  be  killed  by  any  Blue  platform,  for 
example,  then  that  fact  will  be  recorded  in 


EATHM's  log  file  for  later  perusal  by  an  analyst 
who  wonders  why  the  war  never  got  out  of  the 
first  phase. 

EATHM  then  commences  the  first  war 
phase,  fighting  all  the  Ground  mini-battles  that 
constitute  one  period,  setting  up  the  linear  pro¬ 
gram  representing  the  Air  battle,  calling  the 
linear  program  solver,  recording  actions  and 
outcomes,  accomplishing  logistics,  advancing 
the  time  period,  and  determining  phase  transi¬ 
tions  until  the  war  is  over.  A  complete  (de¬ 
tailed,  large)  history  of  every  action  throughout 
the  war  is  captured  in  a  master  Attacks. csv  da¬ 
tabase. 

A  second  Excel  workbook  Attacks.xls  is 
used  for  viewing  and  summarizing  the  outputs 
in  Attacks.csv.  This  workbook  capitalizes  on  Ex- 
ceF'^  features  such  as  graphics,  auto-filtering, 
and  pivot  tables.  Eigure  3  is  a  typical  graph 
showing  kills  of  various  classes  of  Red  targets. 

The  output  file  Attacks.csv  can  also  be  input 
to  a  database  application  that  enables  queries  to 
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Figure  3:  Kills  of  seven  selected  Red  target  types  in  phase  three  of  a  four-phase  war,  in  three-day  time  periods 
4  through  35. 
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recover  such  things  as  overall  killer-victim 
scoreboards. 

FATHM  has  been  applied  to  several  large 
scenarios,  including  hundreds  of  platforms, 
hundreds  of  fhousands  of  linear  programming 
variables,  and  abouf  a  hundred  fime  periods 
arranged  in  four  war  phases.  In  ofher  words, 
fhe  FATHM  design  works  af  full  scale. 

FATHM  firsf  checks  fo  see  whefher  fhe  XA 
callable  library  [Sunsef  Software  Corporation, 
2005]  is  available,  and  uses  it  if  so.  Using  XA, 
FATHM  requires  abouf  fhree  minufes  fo  fighf  a 
full  fheafer  engagemenf  on  a  3GHz  lapfop  com- 
pufer  operating  under  Windows  XP''''^  [Mi- 
crosoff,  2005b].  If  XA  is  nof  available,  FATHM 
can  also  use  fhe  infermediafe  mafhemafical 
modeling  language  GAMS  ]Brooke,  ef  al., 
1998],  buf  doing  so  may  double  or  friple  fhe 
rurming  fime. 

FATHM's  use  of  dynamic  fargef  values  fo 
link  Ground  and  Air  combaf  furns  ouf  fo  be  a 
significanf  feafure.  The  quick  responsiveness  of 
fhe  Air  model  fo  fhe  currenf  sifuafion  unfolding 
on  fhe  Ground  is  sfriking  enough  fhaf  we  won¬ 
der  how  one  can  achieve  such  unifying  insighfs 
by  rurming  independenf  Ground  and  Air  mod¬ 
els  of  combaf. 

Readers  inferesfed  in  acquiring  an  execuf- 
able  version  of  FATHM  should  confacf  aufhor 
Brown. 


A  Two-Sided,  Defender-Attacker 
Generalization  of  the  Air  Model 

Seichfer  [2005]  enhances  fhe  Air  model  by 
endowing  Red  wifh  fhe  abilify  fo  acfively 
prepare  for  Blue  air  attacks  by  deploying 
dummy  fargefs  and  anfi-aircraff  arfillery.  Red 
plans  fhese  defenses  while  anticipating  fhaf 
Blue  will  attack  optimally  in  response  fo  any 
defensive  measure,  and  Blue  can  observe  de¬ 
fensive  preparations  and  plan  Air  attacks  ac¬ 
cordingly.  The  Air  model  becomes  a  mixed 
infeger  program  —  a  fwo-sided  Defender- 
Attacker  model  [Brown,  ef  al  2005].  Gompu- 
fafion  times  for  fhis  generalization  are  longer, 
buf  nof  much  longer. 


Possible  Future  Developments 

While  FATHM's  sfrucfure  has  been  dic- 
fafed  by  fhe  mofivafing  application,  fhe  basic 
idea  of  embedding  linear  programming  calls 
inside  of  a  combaf  model  has  considerable  flex- 
ibilify  and  appeal.  The  optimization  feafure 
provides  a  direcfion  fo  combaf  fhaf  makes  re- 
sulfs  bofh  realistic  and  robusf  fo  changes  in 
inifial  invenfories.  As  compufers  become  fasfer, 
if  will  become  practical  fo  incorporafe  addi¬ 
tional  defails  in  FATFIM  or  similar  models,  per¬ 
haps  defails  fhaf  are  geographically  mofivafed, 
while  still  providing  fasf  response  fimes. 

There  is  no  fundamenfal  reason  why  fhe 
Ground  model  has  fo  be  deferminisfic.  In  facf, 
even  fhe  currenf  FATHM  Ground  model  has  a 
clear  probabilistic  inferprefafion,  and  could  be 
run  in  Monfe  Garlo  mode.  Run  fimes  would 
increase  considerably,  of  course,  buf  fhere 
would  also  be  fhe  benefif  of  exposing  fhe  sto¬ 
chastic  variabilify  of  resulfs,  or  af  leasf  fhe  vari- 
abilify  wifhin  fhe  Ground  model.  There  is  no 
reason  why  opfimizafion  and  simulation  can- 
nof  bofh  be  included  in  fhe  same  combaf 
model. 

As  mentioned  earlier,  FATHM  has  no  rep- 
resenfafion  of  air  supporf  operations  such  as 
elecfronic  countermeasures.  A  pracfical  way  fo 
include  fhem  would  be  fo  require  fhaf  affack 
sorfies  be  proporfionally  accompanied  by  sup¬ 
porf  sorties,  and  fo  include  fhe  plafforms  re¬ 
quired  for  supporf  sorfies  in  fhe  dafabase.  Since 
unavailabilify  of  supporfing  assefs  can  be  a  real 
limifafion  on  fhe  abilify  fo  mounf  affack  sorfies, 
fhis  would  increase  FATHM's  verify  wifhouf 
slowing  if  down  significanfly. 
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